This paper gives an acoustic phonetic description of the vowels and diphthongs in Cangnan Southern Min Chinese dialect. Vowel formant data from 10 speakers (5 male and 5 female) show that the distribution of Cangnan monophthongs in the acoustic vowel space is of particular typological interest. Diphthong production is examined in terms of temporal organization, spectral property, and dynamic aspects. Results suggest that the production of falling diphthongs tends to be a single articulatory event with a dynamic spectral target, while the production of rising diphthongs and level diphthongs is a sequence of two spectral targets.
Introduction
Syllables in Chinese dialects are straightforward, as each syllable is a separate written unit. Chinese syllables have a simple structure, which could basically be represented as CGVC (initial consonant, on-glide, vowel nucleus, and coda), but there is controversy regarding the hierarchy of structure (see [1] , [2] for reviews). The key issue concerns the phonetics and phonology of vowels and diphthongs. Generally there are three sequential possibilities for diphthong or triphthong formation in Chinese dialects. First, vowel nucleus and vocalic coda could form a falling diphthong, for instance [a + i > ai]; second, the glide and vowel nucleus could form a rising dipthong, for instance [i + a > ia]; third, the glide, vowel nucleus and vocalic coda could form a triphthong, for instance [u + a + i > uai]. But there is no consensus regarding the definition of diphthong. Some phoneticians view a diphthong as a single vowel with a phonetically complex nucleus ( [3] , [4] , [5] ), while others treat a diphthong as a sequence of two vowels or a combination of one vowel and one semivowel ( [6] , [7] ). Even for English, for instance, there is controversy regarding what a diphthong is ( [8] , [9] , [10] ).
There are various proposals for the phonology of Chinese vowels and diphthongs in the literature ( [11] , [12] , [13] , [14] , [15] , [16] , [17] , [1] ). But previous studies are based on phonemic analyses in general, and thus have non-unique solutions ( [18] ). An insightful observation is that falling and rising diphthongs could be different. For instance, Chao pointed out that falling diphthongs are true diphthongs in Wu dialects, but rising diphthongs are not ( [19] ).
Recent researches renewed the phonetics and phonology of vowels and diphthongs in Chinese dialects. On the basis of acoustic and lingual kinematic data from the Ningbo Wu dialect, [20] The speech data were analyzed in praat 5.3.61 ( [26] ). If there are steady states, a diphthong is annotated as being composed of an onset element, an offset element, and the transition. The temporal structures were then measured for diphthongs, and the lowest four formants were extracted from the spectrogram in the mid-point of the onset and offset segments. And the range and rate of spectral change (the second formant, F2) was calculated as a measure of spectral dynamics for each diphthong. Second, there are less front vowels than back vowels and central vowels, i.e. less distinction of vowel height in front vowels than in back vowels and central vowels (c.f.: [28] ). Third, there is no apical vowel, which is common in Chinese dialects. But this is also a characteristic of southern Min. 
Results

Monophthongs
Diphthongs
The 11 Cangnan diphthongs, 6 rising diphthongs, 3 falling diphthongs and 2 level diphthongs were examined in terms of temporal organization, spectral property, and dynamic aspects. Although no clear pattern, temporal organizations of Cangnan diphthongs show certain general tendencies. First, both onset and offset elements in a diphthong have steady states, and the transitions are generally short in all diphthongs (c.f.: [20] , [21] ). Second, the offset element in a rising diphthong is usually longer than its onset counterpart. The offset element takes more than 40% of duration while the onset element usually takes 20-40% in a rising diphthong. And in [iɔ], the onset element takes only 12% of duration for male and 18% for female speakers. Third, the onset tends to be the longest element, which takes 40% and 56% of duration in falling diphthongs [ai au] respectively. However, the falling diphthong [əu] has a temporal organization similar to rising diphthongs. Fourth, the onset and offset elements have a balanced duration in level diphthongs: both take about 40% of duration. Last, diphthongs are about 100 ms longer in female speakers than in male speakers: the durations of diphthongs are approximately 330-390 ms in male speakers and 400-480 ms in female speakers.
Temporal organizations
Spectral properties
The formant data of the onset and offset elements in a diphthong were compared with their monophthongal counterparts. It is assumed that a diphthong element tends to have a spectral target, if it has a comparable distribution to its corresponding monophthong in an acoustic vowel plane, whereas the diphthong element tends not to have a target, if it All rising diphthongs exhibit similar patterns except for [ie ue]. First, the offset elements of rising diphthongs and their monophthongal counterparts extensively overlap with each other. Second, the onset elements of rising diphthongs exhibit certain degrees of displacement to the corresponding monophthongs, but still have comparable ellipses. It seems that the onset element is more likely to make spectral adjustment than is the offset element in a rising diphthong. In other words, anticipatory coarticulation is more salient than progressive coarticulation in the production of rising diphthongs. Nevertheless, both onset and offset elements in a rising diphthong tend to have spectral targets, since they are as well controlled as their monophthongal counterparts are.
[ie ue] are exceptional, but are not counterexamples. First, similar to those in other rising diphthongs, the onset elements in [ie ue] are subject to anticipatory coarticulation. Second, the fact that the offset element in [ie ue] displays a clear shift from its corresponding monophthong [e] in acoustic vowel planes could be attributable to coarticulation effect, too. However, the detected progressive coarticulation could probably be diphthong specific. Third, both onset and offset elements have comparable ellipses to the corresponding monophthongs, which suggests that the production of both onset and offset elements in [ie ue] is as well controlled as in the production of their corresponding monophthongs.
In summary, the production of rising diphthongs is a sequence of two spectral targets that are, however, subject to certain coarticulatory effects. 
As shown in Figure 8 , the ellipses for the onset element of falling diphthongs [ai au] and the corresponding monophthong [a] heavily overlap. But the ellipses for the offset elements have very different and dispersed distributions to their monophthongal counterparts. And the enlarged ellipses suggest higher variability in the production of diphthong offsets than in that of monophthongs. It seems that in the production of falling diphthongs [ai au], only the onset element tends to have a spectral target and the offset element do not have one. Rather, the production of the offset element is constrained by the dynamics of diphthong production. In other words, the production of falling diphthongs is a single articulatory event with a dynamic spectral target, rather than a sequence of two spectral targets as in rising diphthongs. As shown in Figure 9 , another falling diphthong [əu] is different from [ai au] in that the ellipse of the onset element has a dispersed distribution in the acoustic vowel plane, too. This is probably due to the innate property of the schwa-like target [ə] ( [29] ). Whether the onset elements have clear targets or not, falling diphthongs tend to have a dynamic spectral target.
As can be seen from Figure 10 , the ellipses for both onset and offset elements of level diphthongs [iu ui] and their monophthongal counterparts heavily overlap with each other. That is, level diphthongs tend to have two spectral targets.
Dynamic aspects
Whether a dynamic spectral target or a sequence of two spectral targets, the production of diphthongs concerns a transition from an onset to offset component. It is thus of interest to check if dynamic aspects could characterize diphthong production. Following [30] , [31] , dynamic aspects were expressed as range and rate of spectral change for the second formant (F2). Table 2 summarized mean range and rate of F2 change for the diphthongs in Cangnan. [31] ), but would have problems when a language has a complex inventory of diphthongs ( [32] , [33] , [34] ). [35] further points out that F2 range and rate of change could characterize diphthongs when falling diphthongs and rising diphthongs are separated; but it would have problems when falling and rising diphthongs are taken into account together. 
Conclusions
This paper presents an acoustic phonetic description of the vowels and diphthongs in open syllables in Cangnan southern Min Chinese dialect. The results suggest a phonetically based vowel phonology of the Cangnan dialect.
First, it is of typological interest to observe a balanced but highly marked distribution of Cangnan monophthongs in the acoustic vowel space. It is balanced in a sense that the monophthongal vowels are quasi-equally distributed in backness dimension, and front, central and back vowels have a predictable lip rounding (c.f.: [28] ). It is, however, highly marked regarding vowel height, namely there is more distinction of vowel height in central vowels than in back vowels, and further than in front vowels.
Second, the Cangnan diphthong data corroborates the proposal in [20] that diphthongs should be differentiated in terms of spectral dynamics. Both onset and offset elements have spectral steady states in all Cangnan diphthongs. But the results suggest that rising and level diphthongs tend to have spectral targets for both onset and offset components, whereas falling diphthongs only have one dynamic spectral target. In other words, the production of falling diphthongs is a single articulatory event as that of monophthongs, while the production of rising and level diphthongs is a sequence of two spectral targets. Phonologically, a falling diphthong should be treated as a single vowel and being contrastive to its corresponding monophthong in spectral dynamics, while a rising or level diphthong is simply a sequence of monophthongal components. That is, there are three distinctive vowels [a] Last, but not least, it should be emphasized that vowel phonology could be language-specific across languages on the one hand, and it is, therefore, of theoretical interest to differentiate what is universal by adopting an evidence-based approach on the other hand (c.f.: e.g. [36] , [37] ).
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